analyser® (Radiometer Medical ApS, Denmark). Glass syringes are incompatible with this machine; therefore, to enable analysis, the sample was decanted into glass capillaries at Time 0.
Statistical analysis
Data was captured in Microsoft Excel. Analysis was performed in R (version 3.4.3).
Descriptive statistics. The trajectories of PO 2 , pH and PCO 2 measurements processed at different times after collection are presented graphically. For each time point and the on-ice samples, as well as for the within-patient absolute and relative differences (compared with Time 0), summary statistics (means and standard deviations) are also tabulated.
Comparison of on-ice 60-minute measurement to 0-minute measurement.
A Wilcoxon signed-rank test was used to test for zero median values for the (absolute) differences, to accommodate the skew distributions observed.
Modelling of PO 2 changes over time.
For the primary outcome, PO 2 , linear mixed models were fitted to the data: 'random effects' allowed patients to vary both in their 0-minute measurements (random intercepts) and their rates of change over time (random slopes); 'fixed effects' allowed for average PO 2 to vary with time from collection to processing, controlling for differences due to Time-0 WCC values and fractional inspired oxygen concentration (FiO 2 ). It was hypothesised that WCC moderates the effect of time, and therefore an interaction term (for time and WCC) was included. The PO 2 measurements were first log transformed, to accommodate larger variability at higher levels and to better suit normality assumptions. Multiplicative/ratio changes in the mean 
Results
Blood samples were collected from 30 adult patients admitted to the intensive care unit with a diagnosis of sepsis. One patient was excluded from the analysis, since processing of the sample suggested that the patient was in extremis (pH of 6.8) and
therefore not representative of the group studied. Data was therefore analysed from 29 patients. A decline in PO 2 measurements over time was estimated: At the average WCC (23 530/mm 3 ), there was a 5% reduction in average in PO 2 for every 10 minutes (effect: 0.95; 95% CI: 0.94 to 0.96; P < 0.001), with a more rapid reduction at higher WCC values (refer to Figure 2 ). Despite the low variability in FiO 2 measurements, higher FiO 2 was associated with lower average PO 2 , from Time 0. The model-estimated random effects (not shown) suggest that there is substantial inter-patient variability in terms of starting values and rate of change over time, not accounted for by differing FiO 2 and WCC, and therefore the tabulated and plotted model should not be used for patient-level prediction. Overall findings remained similar when excluding the patient with a large WCC value.
Discussion
This study examined the effect of metabolically active leucocytes in critically ill patients with sepsis and leucocytosis, on the rate of decline of PO 2 , should there be a delay between sampling and blood gas analysis. It was shown that such delays may have both statistical and clinical significance. The main findings indicate a decline in average PO 2 over time. The fitted exponential rate of decline varies substantially amongst patients, and also depends on the patient's WCC: For a patient with 'average' decline, who also has the sample average WCC, the reduction in average PO 2 is approximately 5% for each additional 10 minutes from collection to processing. For example, beginning at 16 kPa, this equates to absolute errors of -0.8, -2.3 and -4.3 kPa at 10, 30 and 60 minutes respectively. This decline is more rapid for higher WCCs, with an additional decline per 10 minutes of approximately 2% for every additional 10 000 WCC/mm 3 .
This result is primarily due to the effect of the ongoing metabolic activity in leucocytes present in patients with sepsis, after blood sampling and storage at room temperature. Work done in leukaemic patients with excessively raised white cell counts, shows "pseudohypoxaemia". [6] [7] [8] [9] [10] [11] [12] [13] This is due to continued although the leucocytosis is more modest, the cells are possibly more metabolically active due to immune activation.
To accurately assess this effect, the samples were kept in glass syringes, since plastic syringes are permeable to gases. 14, 15 Previous work showed reductions in PO 2 at 30 minutes ranging from -0.8 kPa to + 1.07 kPa when the sampled blood was stored in plastic syringes at ambient temperature, and an exaggerated response when stored on ice, with deviations between +0.8 kPa and + 1.8 kPa. 2 This response can be explained as follows: With a reduction in temperature from 37 °C to 4 °C, the solubility coefficient for PO 2 rises from 0.0214 to 0.0395. 2 The affinity of haemoglobin for oxygen also increases with a reduction in P50, the oxygen tension at which haemoglobin is 50% saturated.
When whole blood is cooled in this way, the P50 is reduced from 3.5 kPa to 0.61 kPa, at a normal pH. This causes a reduction in the PO 2 and, as a consequence, a larger gradient between the environment and the sample. This leads to an influx of oxygen, if the PO 2 in the sample is lower than the ambient PO 2 of approximately 20 kPa. The reverse of this process ensues when the sample is re-heated to 37 °C. The P50 and solubility will return to their original values at 37 °C. This releases the exogenous oxygen, which leads to a falsely increased PO 2 . 2 Plastic is 4-150 times more permeable than glass to oxygen , under standard temperature and controlled environmental factors, mainly due to the difference in pore density of the two substances, and the size of the oxygen molecule. 15 When blood is stored in glass syringes, as in our study, the PO 2 remains stable. 16 When storing blood samples at ambient temperature, the changes in temperature as equilibration progresses, affect both the solubility of oxygen and the affinity of haemoglobin for oxygen. Temperature correction of the measured oxygen tension in blood is thus a complex matter. Errors originate as a result of any discrepancy between the temperature of the sample and that of the patient at time of analysis. Mathematical equations have been derived to use a correction factor to compensate for these changes. 4 The absolute decrease in oxygen content in a stored sample is linear with time. Kelman's nomograms were constructed with a mean value of 9.0 × 10 -5 ml O 2 /ml per min at 37 °C . These were based on a haemoglobin concentration of 14.8 g/100 ml and a standard oxyhaemoglobin dissociation curve, from Severinghaus' work. 5 The nomograms are also based on the assumption that the leucocyte and reticulocyte counts (in the case of PO 2 ) and the haemoglobin concentration, are within the normal range. However, these nomograms were not derived for patients with sepsis, and our study contributes clinically useful additional information in this setting.
In conclusion, delayed blood gas analysis in critically ill patients with sepsis and a leucocyte count > 12 000/mm³, results in a statistically and clinically significant progressive decrease in the PO 2 , if the sampled blood is stored at ambient temperature.
This phenomenon, unless addressed either by rapid processing or storage of the sample on ice, could unduly influence clinical decision-making, particularly in patients receiving ventilatory support. 
